Variability, heritability, genetic advance and correlation were assessed in eleven advanced lines of Brassica rapa obtained through inter-varietal crosses along with three popular check varieties at the experimental field of Sher-e-Bangla Agricultural University. Significant variations were found in yield per hectare and all the yield components that were taken under the study. Highest yield per hectare (2111.33 kg) was found in SAUSR 14 (TORI-7×BARI Sarisha-9). The advanced line SAUSR 08 (BARI Sarisha-6×TORI-7) matured early (83.67 days) and produced moderate yield (1662.00 kg). It could be assumed from the mean performance that SAUSR 14 and SAUSR 08 showed better performance over the popular check varieties in respect of yield and maturity. Highest GCV (20.06%) and PCV (31.71%) were observed in number of siliquae per plant. Genotypic variance was lower than phenotypic variance for all characters except yield per hectare. High heritability in broad sense (91.14% and 79.25%) was observed for days to 50% flowering and days to 80% flowering. Highest genetic advance (36.56%) was found for number of siliquae per plant. Low heritability (29.27%) with high genetic advance (23.14%) was observed for yield per hectare. Highly positive significant phenotypic correlation with yield per hectare was seen in days to 80% maturity and number of secondary branches per plant. Days to 50% flowering and siliquae length showed negative highly significant phenotypic correlation with the yield per hectare.
INTRODUCTION
Brassica is a species under family Brassicaceae contributes to approximately 12% of the world wide edible oil supply (USDA, 2014) . The cultivated Brassica species are Brassica rapa, Brassica nigra and Brassica oleracea (Nagaharu, 1935) . Brassica can be grouped into rapeseed, mustard and cole (Yarnell et al., 1956) . Among the oilseed crops, mustard and rape seed is in second position after soybean (FAO, 2005) . About 13.2% of edible oil comes from the crop (Downey and Robbelen, 1989) . It is the top ranking oil seed crop in Bangladesh that covers about 68% of the total acreage land (BBS, 2011) .
Brassica rapa is the main oil yielding species of Brassica in Bangladesh (FAO, 2013) . It occupies 25223.8 ha cultivated area which produces 0.246 million ton seeds and the average yield is 0.997 million t ha -1 during -2011 (BBS, 2011 . However, the amount of the seed production is very low to meet the total oil requirement. To fill up the demand, Bangladesh imports 0.08997 million tons edible oil that costs 371.85 million taka (BBS, 2011) .
There are almost twenty one varieties of B. rapa including some high yielding varieties. In spite of high yielding varieties the increase of area of production seems impossible in the existing cultivable land. The yield of B. rapa is very poor in Bangladesh as farmers use short durable (76-86 days) low yielding (1.04 t ha -1 ) variety, TORI-7 that is generally well fitted to the Aman-rapeseed-Boro cropping pattern especially where there is a problem of drought at one or more stages of crop growth. On the other hand the results of different experiment showed that the days to maturity of the high yielding varieties like BARI Sarisha 15 and BARI Sarisha 17 varies 84-92 days and 86-94 days to maturity that are considered as late varieties. Hence, it is the important task for breeder to develop short duration (80 days) and better yielding rapeseed varieties that would be well fitted in three cropped cropping pattern.
Variability, heritability and genetic advance is very important strategies for breeding program to develop promising varieties (Iqbal et al., 2014) . Certain morphological parameters are considered as important tools for estimation of variability (Ali et al., 2013) . As yield is a polygenic character, it is influenced by the environment (Gaines et al., 1996; Novoselovic et al., 2004) . The relative influence of genes and environment can be determined by heritability that indicates the extent of successful transmission of characters to the next generation. The relationship between heritability and response to selection can be determined directly by genetic progress where the expected response to selection is termed as genetic advance (Iqbal et al., 2014) . Heritability along with genetic advance is very important in breeding program as high heritability with high genetic advance indicates best selection for the character due to presence of additive genes for controlling it.
Yield has the foremost importance in plant breeding. To ensure the replacement of former variety by the newly developed variety, a slight superiority of new one over the commercial variety is enough. Correlation co-efficient analysis is assessed by scientists to select better plant that leads to a directional model for yield response by the important plant characters (Khan et al., 2008) .
In this context, the present experiment was conducted by utilizing fourteen Brassica rapa genotypes (eleven advanced breeding lines including three popular check varieties) to study variability, heritability, genetic advance and correlation to select promising genotypes.
MATERIALS AND METHOD
The experiment was conducted at the experimental farm of the Department of the Genetics and Plant Breeding, Sher-e-Bangla Agricultural University during November 2013 to February 2014. Fourteen genotypes including eleven advanced lines that were obtained from various inter-varietal crosses of six and more than six generations and three check varieties (BARI Sarisha-14, BARI Sarisha-15 and TORI-7) were used as experimental materials. The list of the advanced lines is presented in table 1. Randomized Complete Block Design (RCBD) was used with 3 replications of the material. Each plot consisted of single row of 3m length with 30 cm spacing between the rows and 10 cm between the plants. Cowdung was used 13 t ha -1 while Urea: Triple Super Phosphate (TSP): Muriate of Potash (MP): Gypsum: Zinc Sulphate: Boric Acid was applied as 251:184:85:152:3:13 kg ha -1 . The cowdung was applied before the chemical fertilizer applications. The TSP, MP, Gypsum, Zinc Sulphate, Boric Acid and 50% Urea were used as basal dose and the rest 50% Urea was used as top dressing at the flower initiation stage. First weeding and thinning was done at 15 DAS (Days after Sowing) and top dressing, second weeding and thinning was done at 25 DAS. Ten plants of each genotypes of each replication were taken for data collection. Data was recorded on days to first flowering, days to 50% flowering, days to 80% flowering, days to maturity, plant height (cm),number of primary branches per plant, number of secondary branches per plant, number of siliquae per plant, length of silique (cm), number of seeds per siliquae, yield per hectare (kg) and thousand seed weight (g). Mean data of the yield contributing characters were used for statistical analysis. Least Significant Difference (LSD) test was done according to Gomez and Gomez, 1984 . Genotypic and phenotypic variance was estimated according to the formula of Johnson et al., 1995 . Heritability and genetic advance was measured by using the formula given by Chaudhary, 1985 and Allard, 1960 . All statistical analysis was accomplished by MSTAT and GENSTAT, computer based software. BARI Sarisha-6× Tori-7 S 2 6. SAUSR 09 BARI Sarisha-9 × BARI Sarisha-6 S 1 7. SAUSR 10 BARI Sarisha-9 × BARI Sarisha-6 S 2 8. SAUSR 11 BARI Sarisha-9 × BARI Sarisha-6 S 3 9. SAUSR 12 SS 75 × Tori-7 10. SAUSR 13 BARI Sarisha-9 × F 6 11. SAUSR 14
Tori-7× BARI Sarisha-9 S 1 =Line 1 , S 2 =Line2 and S 3 =Line3
RESULTS AND DISCUSSION

Variability
The presence of variability is the prerequisite for any breeding program. The Analysis of Variance (ANOVA) of the data of yield components and yield of B. rapa is presented in table 2 represented that there were significant variations among the characters at 5% and 1% level of probability. Days to 50% flowering, days to 80% flowering, number of siliqua per plant, number of seeds per siliquae, length of silique showed significant variances at 1% level of probability and the rests were significant at 5% level of probability. This wide range of variability indicated that these traits were very much important for developing promising varieties especially which will be high yielding. The Co-efficient of Variation (CV) was ranged in 4.38% to 41.84%. It was revealed that the lowest CV (≤20%) values showed best genetic potential and influence. The highest CV (41.84%) for was found in number of secondary branches per plant indicated that there were more influence of environmental fluctuation for the phenotypic expression of the trait. Mean performance with categorization of the characters of fourteen genotypes are presented on table 3. In case of days to first flowering, SAUSR 09 was earliest flowering (21.33 days) line and BARI Sarisha 15 is the latest (33 days) variety showing high significant difference between them. BARI Sarisha-15, BARI Sarisha-14 and SAUSR 09 showed significant difference to each other in days to 50% flowering. The range of earliest and latest genotype in the case was 26 days to 43.67 days. High significant differences were found in BARI Sarisha-14, TORI-7, BARI Sarisha-15, SAUSR 08 and SAUSR 09 in case of days to 80% flowering where range was 29.33 days to 48 days. BARI Sarisha-15 and SAUSR 06 showed highly significant difference among the genotypes in plant height ranging from 63.45 cm to 93 cm.
There was no significant difference among SAUSR 06, SAUSR 12 and SAUSR 13 but significantly different with the BARI Sarisha-15 in number of primary branches per plant giving a range of 4.33 to 8.33. More number of primary branches per plant might indicate more yield due to more number of siliquae per plant. It was also found in the study that BARI Sarisha-15 with highest number of primary branches per plant had better number of siliquae per plant (129) and produced more yield (2012.67 kg/ha). The range for number of secondary branches per plant was 1.67 to 8.67. SAUSR 09, SAUSR 05, SAUSR 08 and SAUSR 07 were significantly different from each other as well as among the other genotypes in number of secondary branches per plant.
In case of days to maturity, SAUSR 04 and SAUSR 13, the earliest matured line showed significant difference from all the other genotypes while SAUSR 08, SAUSR 09 AND SAUSR 10 showed very little and non-significant difference with SAUSR 13. The range of maturity was 80.67 days to 95.67 days. It was found that days to maturity was directly proportional to the increase of yield per hectare. SAUSR 04 was the latest matured line produced higher yield while SAUSR 14 with higher days to maturity. On the other hand, the popular check variety for short duration, TORI-7 produced moderate yield while the earliest genotype SAUSR 13 produce lower yield than the check. Here, we can consider the line for further improvement for higher yield. Among the lines, SAUSR 08 was earlier matured lines with moderately high yield that was more than the check variety TORI-7. SAUSR 04, SAUSR 11 and BARI Sarisha-15 showed significant difference to all other genotypes in number of siliquae per plant that had a range of 80.67 to 218. SAUSR 08 and SAUSR 14 was observed with more number of siliquae per plant than the check varieties indicating higher yield.
Non-significant difference was found among BARI Sarisha-14, BARI Sarisha-15 and SAUSR 08 but significant difference to other genotypes in case of seeds per sililqua with a range of 15.43 to 21.69. SAUSR 06 and BARI Sarisha-14 showed very significant difference to each other in case of siliquae length with a range of 4.03 cm to 6.14 cm. The range of thousand seed weight was 2.93 g to 4.3 g. TORI-7 and SAUSR 07 showed non-significant differences but very significant difference to SAUSR 08 for thousand seed weight.
Yield per hectare area was found in non-significant difference in SAUSR 11 and SAUSR 12 but very significant difference with SAUSR 14 which showed highest yield. It was observed that SAUSR 14 had less plant height, number of primary branches per plant and number of seeds per siliquae but more number of secondary branches per plant, number of siliquae per plant, siliquae length and thousand seed weight than the high yielding check variety BARI Sarisha 15. But it showed non-significant difference in days to maturity. So the line might be a more promising high yielding variety in aspect of yield than the present varieties.
The genetic parameters for yield and yield contributing characters of the concerned genotypes are presented in table 4. It was found from the table that that phenotypic variance was always higher than the genotypic variance that indicated the presence of influence of environment over the characters. Lowest difference of genotypic and phenotypic variance was seen in thousand seed weight while the highest environmental variance was in yield per hectare. Higher PCV than GCV indicated that the variation was due to not only for genotype but also for environment. High PCV and GCV was found in number of secondary branches per plant, number of siliquae per plant and yield per hectare and similar results was found by Khan et al. (2013a) , Roy et al. (2011) and Naznin (2013) . Very low difference of PCV and GCV and lowest ECV was seen in days to 50% flowering indicated higher influence of genotype for the trait and it was also found by Jahan (2008) .
Heritability and genetic advance:
Heritability and genetic advance is very much important for selecting best lines in breeding programs. Heritability along with genetic advance is more useful for estimating the selection effect than the heritability alone. In the present study, heritability in broad sense and expected response to the selection and its percentage in mean were determined for yield and different yield components presented in table 3. Heritability values were categorized into high (>60%), moderate (30-60%) and low (≤30%) while genetic advance in percent of mean was considered as high (≥20%), moderate (10-20%) and low (≤10%).
Moderate heritability with low genetic advance in percent of mean was found in days to first flowering. High heritability in broad sense with fairly high genetic advance in percent of mean was found in days to 50% flowering and days to 80% flowering indicated presence of additive genes. High genetic advance due to the result of additive gene action was also reported by Khan et al. (2013b) , Kahrizi and Allahvarand (2012) .
Moderate heritability with low genetic advance was found in plant height and silique length. The phenotypic variance is much more than the genotypic variance indicated that the environmental influence was much more in the expression for plant height while there were very little difference in siliquae length. High heritability (92.48%) with moderate genetic advance (18.87%) was found by Saifullah (2012) for the trait where Naznin (2013) found high heritability (71.01%) with low genetic advance (9.49%) for plant height.
Number of primary branches per plant was found with moderate heritability and moderate genetic advance in percentage of mean and very low difference in genotypic and phenotypic variance indicated moderate influence of environment upon the character. The results were contradictory in line with the findings of Junaid et al. (2014) who observed high heritability (72%) with moderate genetic advance in percent of mean (18.32%).
It was noted that number of secondary branches per plant and number of siliquae per plant showed moderate heritability with low genetic advance and high genetic advance in percent of mean indicated moderate effect of environment and presence of non-additive gene in the expression of character but much scope to improve. Akter (2010) reported high heritability (89.65%) with low genetic advance in percent of mean (3.50%) for number of secondary branches per plant and Khan et al. (2013b) supported the result with moderate heritability (35.65%) with high genetic advance in percent of mean (48.78%) for number of siliquae per plant. Saifullah (2010) reported significant positive correlation for days to 50% flowering while Malik et al. (2000) found highly significant negative correlation of days to flowering to yield per hectare.
Plant height showed significant negative correlation with yield per hectare, number of primary branches per plant, number of secondary branches per plant and number of seeds per siliquae. Positive significant correlation of plant height was observed in days to maturity. Khan et al. (2008) found positive non-significant correlation of plant height with yield per hectare.
Moderate heritability with moderate genetic advance in percentage of mean was observed in number of seeds per siliquae and thousand seed weight. The environmental variance was low in both case indicated that more influence of genetic components to express the character. In accordance with our result, low genetic advance was reported by Jahan (2008) and Saifullah (2010) for the traits in Brassica rapa.
It was evaluated that days to maturity revealed moderate heritability with low genetic advance where the genetic variance was one third of phenotypic variance. The environmental variance was very high. The results concluded that the character was mostly controlled by non-additive genes and more influence of environment in the phenotypic expression of the characters. Similar to our result, Naznin (2013) also found high heritability (89.14%) with low genetic advance (8.69%) for the character days to maturity in rapeseed.
Moderate heritability with high genetic advance was found in yield per hectare. The environmental variance was much high. It represented predominant additive gene action with more environmental influence. There were both genotypic and environmental influence for phenotypic expression of the trait. In supporting of our results, Rameeh (2014) also found high heritability with high genetic advance for seed yield in B. napus. But Naznin (2013) found high heritability (57.05%) with low genetic advance (0.99%) for the trait.
From variability studies it was seen that SAUSR 14 produced more yield than the popular check varieties with non-significant variation with BARI Sharisha 15. The heritability and genetic advance studies stated that the yield per hectare was governed by both genotypic and environmental components. The advanced line SAUSR 08 showed earlier maturity with moderate yield per hectare than the check varieties and the heritability for days to maturity was moderate. So these two lines might be selected as promising lines for further processing of high yielding and early matured Brassica rapa varieties.
Correlation Co-efficient:
Yield is controlled by polygene and highly influenced by environment. For this reason, selection based on only yield itself is ineffective. Correlation co-efficient helps the plant breeders to select the yield contributing traits to be given importance by its nature and magnitude. Simultaneous improvement of various characters along with the yield is also possible through correlation co-efficient. In this study phenotypic correlation co-efficient was studied to find out the relative contributions of the yield treating characters for better selection and the results of the eleven characters under the experiment is presented in table 4.
Days to first flowering showed positive non-significant relationship with yield but high positive significant correlation with the days to 50% and 80% flowering. Highly significant negative correlation was found with number of secondary branches per plant and siliquae length. Days to 50% flowering showed highly significant negative correlation with the yield per hectare, number of primary branches per plant, number of secondary branches per plant, number of seeds per siliquae and siliquae length. Highly significant positive correlation was found with days to 80% flowering, plant height and days to maturity. Highly significant positive correlation was observed with yield per hectare, number of primary branches per plant, days to maturity and seeds per siliquae where highly significant negative correlation was found in number of secondary branches per plant, siliquae length and thousand seed weight. Number of primary branches per plant showed positive significant correlation with the yield per hectare, number of secondary branches per plant and number of seeds per siliquae. Negative significant correlation was found for the trait in days to maturity and siliquae length. Alam (2010) supported our result as he also found significant positive correlation of number of primary branches per plant with yield per hectare. Highly significant positive correlation of number of secondary branches per plant was found for yield per hectare and siliquae length. Significant negative and significant positive correlation was observed in days to maturity and number of seeds per siliquae, respectively. Akter (2010) found negative correlation between number of secondary branches per plant and seed yield.
Days to maturity showed negative significant correlation with the yield per hectare and number of seeds per siliquae. Mekonnen et al. (2014) found positive but non-significant correlation between the characters and yield per hectare.
Positive but non-significant correlation was observed between the number of siliqua per plant and yield per hectare. Highly significant positive correlation was found only for siliquae length. Hosen (2008) reported negative correlation of the trait with length of siliquae, yield and thousand seed weight. Number of seeds per siliquae showed significant positive correlation with yield per hectare. Gangapur et al. (2009) found highly significant phenotypic correlation of number of seeds per siliquae and yield per meter square for both protected and unprotected condition. Siliquae length showed highly significant correlation with the yield per hectare and thousand seed weight. Maurya et al. (2012) found positive significant phenotypic correlation with the seed yield. Thousand seed weight showed negative non-significant correlation with the yield per hectare. Similar results was found by Kardam and Singh (2005) .
Positive significant correlation with yield per hectare was observed in days to 80% flowering, number of primary branches per plant, number of secondary branches per plant and number of seeds per siliquae. The results revealed that direct selection of these character would be effective to increase yield of the advanced lines.
The advanced lines showed variations in their performance among all the genotypes found from the variability studies. Days to fifty percent flowering and days to eighty percent flowering showed high heritability where number of siliquae per plant and yield per hectare that indicated that the selection of these character would be effective for further improvement. For betterment of yield, selection of the characters that showed significant positive association with yield per hectare would be useful.
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